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ABSTRACT 
As smartphones grow in use and popularity, it is important to understand the possible effects that varying levels of smartphone 
use may have on human cognition. Although smartphones provide many advantages for daily activities, one must also recognize 
the potential disadvantages. For example, smartphone use may lead to nomophobia, which is defined as the modern fear of 
not being able to access your smartphone or the internet (Yildirim & Correia, 2015). The present study used a pilot and main 
study to examine the effects smartphones have on human cognition. The pilot study was conducted to measure nomophobia, 
mobile phone involvement, smartphone attachment and dependency, and general smartphone use. This portion was also used 
to determine the paradigm for the main study. Participants in the main study completed the 12 Cambridge Brain Science tasks, 
which measured different aspects of cognition' while leaving their smartphones in one of two locations: on their desk, or outside 
of the testing room. Additionally, participants completed the same four questionnaires from the pilot study. Results from both 
studies reveal the majority of individuals show moderate levels of nomophobia, dependency and attachment, and involvement. 
Subsequent data analysis focused on the double-trouble task, which is an attention-based task. Results found that there was no 
significant difference in performance on the double-trouble task between the two locations. Contrary to common belief, it seems 
that the mere presence of one’s smartphone does not affect performance on a cognitively demanding task.
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INTRODUCTION 
According to Statistics Canada, 76% of Canadians reported 
owning a smartphone in 2016 [1], suggesting widespread 
popularity of smartphones. Park and colleagues [2] proposed 
that smartphone popularity is due to the ease and flexibility with 
which they can be used to complete daily tasks. While there are 
many advantages of smartphone use, there are also negative 
effects, such as: nomophobia [3], smartphone involvement [4], 
dependency [5] and distraction [6]. Furthermore, notification 
settings and proximity to one’s smartphone can evoke feelings 
of inattention, hyperactivity [7] and anxiety [8]. In a two-week 
study comparing notifications turned on versus off, university 
students reported experiencing higher levels of inattention and 
hyperactivity while their notifications were turned on [7]. Another 
study using physiological measures found that separation from 
one’s smartphone while it is ringing leads to feelings of anxiety 
[8]. 
Seo and colleagues [9] discovered that mobile phone use 
negatively predicted attention which in turn affected mathematics 
and language arts achievement. Newer studies have found that 
receiving notifications or a call during a task can affect task 
performance [6, 10]. Kim and colleagues [6] examined the effects 
of notifications on task performance with regards to smartphone 
overuse and found that participants in the high overuse (risk) 
group were more sensitive to notifications than the low overuse 
group. The risk group demonstrated the highest level of impaired 
concentration after hearing incoming notifications [6]. Chen and 
Yan [10] investigated the effects of learning while multitasking 
with a mobile phone. They concluded that multitasking impaired 
learning for three possible reasons: (1) the same cognitive modules 
are used for both tasks, but only one task can be processed; (2) 
cognitive interference, where only one task is completed at a 
time; and (3) learning processes take longer when the recovery 




































































Nomophobia is the modern fear of not being able to 
communicate through a mobile phone or the Internet [3]. It is 
a situational phobia, classified in the Diagnostic and Statistical 
Manual of Mental Disorders, that elicits symptoms or behaviours 
related to anxiety that are associated with mobile phone use. 
Increased smartphone prevalence leads to reliance on one’s 
device and a study revealed participants had increased feelings 
of anxiety when this interaction was broken [2]. Yildirim and 
Correia [3] developed the Nomophobia Questionnaire (NMP-Q) 
to measure individual levels of nomophobia. This questionnaire 
includes four dimensions of nomophobia: (1) not being able to 
communicate, (2) losing connectedness, (3) not being able to 
access information, and (4) giving up convenience.
Involvement
Walsh and colleagues [4], conducted a study investigating 
the effects of self and others on young people's (15-24 years 
old) mobile phone involvement. Researchers developed the 
Mobile Phone Involvement Questionnaire (MPIQ) and provided 
a distinction between mobile phone involvement and frequency 
of use. The authors reported that only self-identity predicted 
frequency of use while validation from others and self-identity 
predicted mobile phone involvement [4]. This suggests the 
presence of a phone-user psychological relationship which affects 
mobile phone use.   
Attachment and dependency
Smartphone attachment and dependency is defined as the 
extent to which individuals rely on their phone for daily life [5]. 
Ward and colleagues [5] created the Smartphone Attachment and 
Dependency Questionnaire (SAD) to measure individual levels of 
smartphone attachment and dependency. Using the SAD, those 
who reported increased dependency on their smartphones 
showed poorer performance when engaging in a cognitively 
demanding task [5].
The "Brain Drain" Effect
Current literature has found that smartphones affect cognition 
[5–7, 9, 10]. For example, Ward and colleagues [5] found that 
the mere presence of one’s smartphone can affect cognitive 
performance. By using three location conditions (i.e. on desk, 
other room, or pocket/bag) and two power conditions (i.e., ON 
or OFF), the Operation Span (OSpan) task [11] and a Go/No-
Go task [12], researchers found an effect of location on OSpan 
performance [5]. Participants performed best in the “other room”, 
followed by the “pocket/bag”, and then the “on desk” condition 
[5]. These results were moderated by SAD levels, where higher 
levels showed a greater “brain drain” effect.
Extended-Self Theory
One theoretical explanation for increased smartphone use 
is Belk’s 1988 Extended Self Theory [13]. According to Belk, 
people’s belongings, whether unintentionally or intentionally, 
unknowingly or knowingly, can become an extension of one’s 
self. More recently, Belk presented an updated Extended-Self 
Theory which incorporates the digital world, wherein electronic 
devices become “extensions of self” as other objects do [14]. One 
aspect of the extension of self is that when one unintentionally 
misplaces a possession, it creates a sense of loss or lessening of 
self [13, 14]. This theory could explain people’s varying levels of 
nomophobia and dependency, and how these differences can 
affect performance on tasks involving higher-order cognition.
Present Study
The current project aims to expand on the current research on 
smartphones and cognition (e.g. Ward and colleagues [5]) to gain 
a better understanding of the possible effects smartphones have 
on cognition. This was conducted in two parts: a pilot and main 
study. The pilot study was used to measure typical smartphone 
use, individual difference measures (i.e., NMP-Q, MPIQ, SAD), 
and to make a paradigm decision for the main study. Using the 
12 Cambridge Brain Science (CBS) tasks [15], the main study 
investigated the effects of smartphone presence on cognition. 
Specifically, the double-trouble CBS task, which is an attention-
based task similar to those used in previous studies [5, 6]; it is 
more complicated than some previous tasks such as the Go-
NoGo in Ward et al. [5] as it involves double inhibition. Decreased 
performance on attentionally-demanding cognitive tasks for 
those who have their smartphones closest to their proximity (i.e. 
on the desk) was predicted. 
METHODOLOGY
Participants
Undergraduate students at Western University participated 
for course credit. The pilot study had a sample size of 100 (51 
males, 49 females), with an age range of 17-24 years (M = 18.84). 
The main study had a sample size of 109 (39 males, 70 females), 

































































getting their first smartphone between 9-17 years (pilot, M = 
13.06), and 9-16 years (main, M = 13.19). For both studies, at least 
73% of participants reported English as their first language and 
84% reported high English proficiency.
Materials and Procedure
Both studies used four questionnaires to measure individual 
differences in an online survey: (1) the Smartphone Usage 
Questionnaire (SUQ), which was designed for this study to measure 
typical smartphone use and determine the paradigm for the main 
study; (2) the MPIQ, which measured level of connectedness with 
one’s phone; (3) the SAD, which measured the level of attachment 
and dependency on one’s smartphone; and (4) the NMP-Q, which 
measured the level of fear of separation from one’s phone. 
The pilot was approximately 15 minutes in length. All 
questionnaire items which used a Likert-scale with ranking options 
ranging from 1 (“strongly disagree”) to 7 (“strongly agree”). The 
SUQ included 41 items (27 multiple-choice and 14 Likert-scale 
items) with four subscales: demographics, paradigm questions, 
comfort level, and exploratory questions. For exploratory 
purposes, five items related to the “Screen Time” feature on 
iPhones. Each subscale provided an overview of demographics 
and typical smartphone use. The MPIQ contained 14 Likert-
scale items with three subscales: smartphone involvement (i.e. 
connectedness to one’s smartphone), self-identity (i.e. one’s 
phone as an extension of self), and validation from others (i.e. 
affirmation from receiving notifications). Only the smartphone 
involvement subscale was analyzed (i.e. 8 items). A total score 
was calculated (range: 8-56), where higher scores correspond to 
greater involvement: no involvement (8), low (9-24), moderate 
(25-40), and high (≥41) level. The SAD contained 13 Likert-
scale items with a total score (range: 13-91), where higher 
scores correspond to higher attachment and dependency: no 
attachment and dependency (13), low (14-39), moderate (40-65), 
and high (≥66) level. The NMP-Q measured nomophobia with 20 
Likert-scale items. A total score was calculated (range: 20-140), 
with higher scores corresponding to greater nomophobia: no 
nomophobia (20), low (21-59), moderate (60-99), and high (≥100) 
level.
The main study randomly assigned participants to leave their 
phones in one of two location conditions, either on their desk or 
in a different room. All participants placed their smartphones on 
“silent” (i.e. no vibration or other notifications) and faced down 
in their respective location. Participants completed the 12 CBS 
tasks followed by the questionnaires (1-hour total). The CBS tasks 
measured four fundamental cognitive areas, as defined by the 
makers of these tasks: memory (e.g. Monkey Ladder–visuospatial 
memory), reasoning (e.g. Rotations–mental rotation), verbal 
ability (e.g. Grammatical Reasoning–verbal reasoning), and 
concentration (e.g. double-trouble–response inhibition; Figure 
1). The present study focused on the double-trouble task since 
attention is a prominent topic in current research [5–7] and it is 
considered the hardest CBS task. The double-trouble task was a 
computerized variant of the Stroop test [16]. It is a colour-word 
mapping task with three coloured words: one at the top and two 
at the bottom of the screen. During the task, one must select 
the bottom word that describes the ink colour of the top word. 
The colour-word mappings are either congruent, incongruent, or 
doubly incongruent (Figure 2). Participants have 90 seconds to 
solve as many problems as they can, and their final score is the 
difference between the number of correct and incorrect answers.
Pearson correlations were calculated to examine the 
relationship between the three individual difference measures: 
the MPIQ, SAD, and NMP-Q. Correlation analyses were conducted 
for the purpose of determining if these measures were related to 
each other, if participants’ responses were consistent, and if there 
were sensitivity differences. 
To test the main hypothesis of whether closer proximity to 
one’s smartphone leads to lower performance, a t-test was used 
to compare performance on the double-trouble task between 
the two conditions. This analysis had three assumptions: (1) 
independent samples, (2) normality, and (3) equal variances. The 
first assumption was met during testing. A Shapiro-Wilk normality 
test evaluated normality and showed normality was not met, 
therefore, a Wilcoxon-Mann-Whitney Test was conducted, and 
the third assumption was no longer required. 
RESULTS
In both studies, results from the MPIQ (pilot: X2(2) = 39.14; 
main: X2(2) = 52.64), SAD (pilot: X2(2) = 46.16; main: X2(2) = 
62.55), and NMP-Q (pilot: X2(2) = 36.26; main: X2(2) = 44.28) 
revealed that most participants reported moderate levels, with 
fewer participants falling in the high and low levels on each 
questionnaire, p < .001 (Figure 3). A Pearson's Chi-squared test 
was used to compare the frequency of levels (i.e., low, moderate, 
and high) of the three individual difference measures (i.e., MPIQ, 
NMP-Q, and SAD). There was no significant relationship for the 
pilot, X2(4) = 0.80, p = .938, and main, X2(4) = 6.44, p = .169, 
studies. 
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variety of situations. While studying, the majority of participants 
reported leaving their phone on their desk. The only situations 
where participants reported leaving their phone in another room 
was during an exam or while studying (Figure 4). The paradigm 
of the main study was chosen based on the results from the pilot 
study. Due to the majority of participants indicating leaving their 
phone on the desk while studying and since the physical distance 
would be the most separable, the main study included the “on 
desk” and the “outside” location conditions.
Most participants reported their smartphone as the most 
distracting electronic device (pilot=87%; main=92%), followed 
by their computer (pilot=9%; main=6%),  iPad/tablet (pilot=3%; 
main–1%), smartwatch (main=1%), and “Other” (pilot=1%). 
The iPhone Screen Time feature was used to gain an objective 
measure for participants’ most used application, active screen 
time, and notifications received on a daily basis. The majority 
of participants reported a social networking platform as their 
most used application (e.g. Instagram; pilot=82%; main=86%), 
followed by entertainment (e.g. YouTube; pilot=16%; main=19%), 
games (e.g. Candy Crush Saga; main=3%) and other (main=1%) 
applications. Regarding total screen time (hours per day), the 
most reported was 11-20 for the pilot (20%) and 21-30 for the 
main (18%) studies. For number of notifications received per day, 
most reported values over 200 (pilot=28%; main=31%). 
Correlation analyses in both studies revealed a significant 
strong positive correlation between all the questionnaires (Table 
1A & 1B). In contrast, the double-trouble task score was not 
significantly correlated with any of the questionnaires (Table 1B). 
Overall, all three questionnaires were related in both studies; 
however, no relationship was observed between task performance 
and the individual difference measures. 
A Shapiro-Wilk normality test showed that normality was not 
met, W = 0.96, p = .002. Thus, a nonparametric Wilcoxon-Mann-
Whitney Test was conducted and showed no significant difference 
in task performance between placing one’s smartphone on the 
desk (M = 26.89, SD = 14.37) compared to outside the room (M = 
27.85, SD = 12.51), Z(107), -0.33, p = 0.75 (Figure 5). Therefore, 
the main prediction was not supported.
Figure 1. Cambridge Brain Sciences (CBS) task divided by cognitive area, outcome measure, and test. 

































































Figure 3. Results from the pilot (panel A) and main (panel B) study. The levels for each individual difference measure are shown: The 
Mobile Phone Involvement Questionnaire (MPIQ), The Nomophobia Questionnaire (NMP-Q), and The Smartphone Attachment and 
Dependency Questionnaire (SAD).
Figure 4. Results from the pilot (panel A) and main (panel B) study. The proportion of reported typical smartphone locations (i.e., either 
“on desk”, “in pocket/bag” or “outside of the room”) for different situations (i.e., during an exam, lecture, social setting, or typically).
Table 1. Pearson correlations between individual differences questionnaires (MPIQ, SAD, NMP-Q) and double-trouble score
A: Pilot Study – Questionaires Only
NMP-Q MPIQ SAD
NMP-Q –– –– .81* .80*
MPIQ –– –– –– .81*
B: Main Study – Questionaires and Double-Trouble Score
Double-Trouble NMP-Q MPIQ SAD
Double-Trouble –– .04 -.01 .05
NMP-Q –– –– .74* .79*
MPIQ –– –– –– .80*
Note: The questionnaires are shown above as follows: Nomophobia Quest. (NMP-Q), Mobile Phone Involvement Quest. (MPIQ), 
Smartphone Attachment and Dependency Quest. (SAD). Double-trouble is one of twelve computerized Cambridge Brain Science 
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DISCUSSION 
The pilot study was exploratory in nature (i.e. individual 
difference measures) and determined the smartphone paradigm 
for the main study. The main study was conducted to further 
understand individual difference measures and to investigate 
whether smartphone presence affects cognition, with respect to 
attention. 
In both studies, the majority of participants reported moderate 
levels on the individual difference measures: involvement, 
attachment and dependency, and nomophobia. Additionally, 
most individuals reported keeping their smartphone near them 
in a variety of situations (e.g. studying). Given the growing use of 
smartphones in everyday life, results from these questionnaires 
show how individuals use and connect with their smartphone. For 
both studies, there were strong positive relationships between the 
NMP-Q, MPIQ, and SAD. Understanding the relationship between 
these questionnaires may help develop future interventions 
for current social concerns about the increased prevalence 
of nomophobia. There was no relationship found between 
participant performance and the individual difference measures. 
This suggests that individual differences in smartphone use had 
no significant relationship with cognitive performance.
For the main study, it was hypothesized that closer proximity 
to one’s smartphone would result in lower performance. This 
hypothesis was not supported, which was not in line with previous 
research [5, 6, 8]. It is important to note that researchers chose to 
examine the double-trouble task, not only because it is the most 
difficult CBS task, but because it explicitly measures attention, 
a parameter often explored in previous literature surrounding 
smartphones and is a key component of executive functioning 
(e.g., self-control, inhibition) [5, 6]. 
Limitations
Given that the SUQ was developed for the current project, 
some items regarding the Screen Time feature were not applicable 
to all participants. Additionally, it is difficult to determine what 
smartphone application to measure and develop appropriate 
response options for the multiple-choice style questions in the 
SUQ. This Screen Time feature can also track multiple devices at 
once (e.g. iPhone, iPad), which may influence results. Further, 
the current study did not include the “in pocket/bag” location 
Figure 5. Results from the main study. There was no effect on performance on the double-trouble task between the smartphone 
location conditions (i.e., on desk and outside of the testing room). The blue and purple dots represent individual scores for the on desk 
and outside conditions, respectively. The bars represent average score on the double trouble for both smartphone location conditions: 
light blue for on desk (M = 26.89, SD = 14.37) and dark blue for outside (M = 27.85, SD = 12.51). The depicted error bars show standard 


































































condition. This limited the range of individual differences that 
could be measured; however, it did depict the most physically 
separable location conditions. Moreover, in order to focus on 
the attention measure, only the sustained attention measure 
(i.e. double-trouble) was analyzed. Although there are several 
limitations, this data provides valuable insights into how 
smartphone location can impact users.
Implications
Results from the current study suggest that mobile phone 
dependency does not have an effect on attention.  Although 
this conclusion is reflected in some literature [9], it is contrary to 
most previous studies [6, 7], including Ward and colleagues [5], 
which reported that the closer proximity of one’s smartphone 
significantly decreased task performance. This suggests that 
further investigation is necessary in this area. Future research 
should emphasize other aspects of smartphone use (e.g. incoming 
notifications, popular apps, etc.), which are more representative 
of realistic smartphone use. The findings from the present study 
are important in an academic environment given the complex 
cognition needed for the CBS tasks. In September 2019, all public 
high schools in Ontario, Canada banned the use of cellphones 
during classroom instruction [17]. The goal of this ban is to 
prevent distractions in the classroom and allow students to focus 
on acquiring proper academic skills [17]. However, the current 
study indicates that the mere presence of one’s smartphone 
does not significantly impact cognition, meaning that the ban on 
cellphones may not be as prudent as was once thought. Thus, it 
is important that cellphone use policies in educational settings 
are continually evaluated and updated as further research is 
published in this field.
Future Research
Further research must be completed using larger, more 
representative sample sizes and focus on other CBS tasks to 
explore the impact of smartphone location on numerous aspects 
of cognition. In addition, there is some evidence that smartphone 
notifications can lead to impairment in concentration, especially 
for individuals with high dependency on their phones [6], 
therefore, research should investigate the effects of receiving 
notifications rather than merely smartphone presence during 
complex cognitive tasks.
Final Conclusions
Although the current study found no effect between 
smartphone location and performance on an attention-
based cognitive task, these results provide a basis for future 
research in the field. The majority of participants fell within the 
moderate level of involvement, attachment and dependency, 
and nomophobia. However, these levels did not correlate with 
task performance. Given the growing use of smartphones and 
increasing demand to constantly have access to technology and 
the internet, it is important to continue investigating the potential 
effects smartphones may have on cognition.
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